INTRODUCTION
The large scale facility Extreme Light Infrastructure -Nuclear Physics (ELI-NP) [1] , currently under development, is the one of the three pillars of the Extreme Light Infrastructure Pan-European initiative which is dedicated to nuclear physics with extreme electromagnetic fields. Two 10 PW lasers and one very brilliant Gamma Beam System (GBS) will be installed at ELI-NP. The GBS will produce highly polarized (> 99%) tunable γ-ray beams of spectral density of 10 4 photons/s/eV in the range from 200 keV to 19.5 MeV with a bandwidth better than 0.3% [2, 3] . The γ-ray beams will be produced through laser Compton scattering (LCS) of an accelerated electron beam delivered by a linear accelerator.
The unique parameters of the GBS will allow a thorough investigation of the excitation and particle and gamma decay of Giant Resonances. The experimental program related to nuclear research on reactions above the neutron separation threshold, which is under preparation at ELI-NP, is presented in [4] . The research team involved in conceiving the ELI-NP Technical Design Reports has initiated an experimental campaign at the GACKO beam line of the synchrotron radiation facility NewSUBARU [5, 6] , where photoneutron measurements in the vicinity of the neutron emission threshold (S n ) were performed on seven stable Sm isotopes [7] . Quasimonochromatic γ-rays were produced by LCS using industrial Nd:YVO 4 and CO 2 lasers and the electron beams with energies between 0.5 and 1.5 GeV stored in the NewSUBARU ring.
Using Geant4 [8, 9] , a complex simulation code of the interaction between the laser photons and the relativistic electrons was developed considering the electron beam size and emittance. The code was tested against experimental data produced at the NewSUBARU facility and the analysis along with a complete description of the code will be included in [10] . At NewSUBARU, the laser-electron interaction takes place inside a 20 metres long straight section of the storage ring and the γ-ray beam is taken outside to the experimental hutch. Two lead blocks, C1 and C2, of 6 mm and 2 mm apeture placed at 15.47 m, respectively 18.47 m from the centre of the beam line are used as collimators for the γ-ray beam [11] . Here we will discuss the implications of transverse missallignedments of the collimation system relative to the electron beam axis.
STUDY OF COLLIMATORS CONFIGURATIONS
The LCS energy spectra aquired during one experimental campaign showed that the quasi-monochromatic gamma rays were accompanied by a low-energy component which was not reproduced by simulations for any electron and laser beams parameters. The origin of this effect was investigated for different collimation geometry situations. Electron beams with constant energy of 982.43 MeV (974 MeV nominal value) and ∼ 300 mA current and a 35 mW Nd:YVO 4 laser operated in continuous mode were used to produce γ-ray beams. The energy spectra of the LCS beam was recorded with a large volume Lanthanum Bromide (LaBr 3 :Ce) detector. We investigated: the C1 collimator absence effet, C2/C1 collimator misalignments effects having the other collimator aligned with the electron beam axis and the effect of lead bricks mounted around LaBr 3 :Ce detector. The C1 and C2 collimators have a 3 mm, respectively 2 mm aperture. Comparison between experimental LCS spectra taken having both C1 and C2 collimators aligned with the electron beam axis. Spectra corresponding to run 11 (green) and to run 36 (red) are taken in identical experimental conditions at different moments during the experiment, while for the one corresponding to run 61 (black), the LaBr 3 :Ce detector was surrounded by lead bricks. The inset shows the amplification shift for the three spectra.
The experimental spectra recorded with both collimators in optimal positions was compared with Geant4 simulations. The beam emmitance parameters were finely tuned to reproduce the experimental response of the LaBr 3 :Ce detector. Figure 1 (left) shows a comparison between the experimental response and the Geant4 simulations obtained with tuned emittance parameters (red line) and with the parameters recommended by [12] (black line) listed in Table  1 , where ε x , ε y , σ x and σ y represent the horizontal emittance, vertical emittance and horizontal and vertical beam sized at the focus point, respectively. The tuned parameters were used for all the following the simulations. We compared experimental spectra taken in identical experimental conditions at different moments during the experiment to investigate the stability of the electron beam current. A stable electron current is required to observe the attenuation effects given by small movements of the collimators. Figure 1 (right) shows a comparison between two experimental spectra recorded having both C1 and C2 collimators aligned with the electron beam axis (green and red line). An acceptable 3% difference was observed between the count rates for the two measurements. Figure 1 (right) shows the spectra recorded having lead bricks mounted around LaBr 3 :Ce detector (black line). For this situation, the total number of counts is significantly higher but a low-energy component is not present in the spectra. The inset shows a small amplification shift in the LaBr 3 :Ce detector response.
The effect induced by the absence of C1 collimator or by its aperture increasement is shown in Figure 2 (left). When C1 collimator is absent, a low-energy component is present in the LCS experimental spectra (black line). No such component is present for an increased aperture of 6 mm (green line). The count rate is higher for the spectra recorded with the 6 mm aperture collimator than for both the one taken with a 3 mm apeture collimator (red line) and the one taken without a C1 collimator, possibly because of an electron beam current variation. The simulated spectra displayed in Figure 2 (middle) reproduce well the experimental measurements. A strong low-energy component is present in the spectra obtained without the C1 collimator, while the two spectra generated for different apetures of the C1 collimator coincide. The spectra obtained with Geant4 simulations without a C1 collimator is normalized and compared with the experimental one in Figure 2 (right). The simulation reproduces well the experimental spectra in high and medium energy region. There is a small difference concerning the starting point of low-energy component between the two spectra, possibly given by additional physical structures present inside the experimental hall (beam line, electron beam guiding structures, etc.).
A comparion has been made between the effects produced by horizontal and vertical displacements of the C1 and C2 collimator from their optimal positions. Let us consider the positive side of the x axis as right, the negative side of the x axis as left, the positive side of the y axis as upwards and the negative side of the y axis as downwards. Figure 3 (left image) shows the effect of horizontal displacements of C2 collimator having the C1 collimator in optimal position. Significant differences can be observed between the LCS beam intensities for similar displacements in opposite directions from the optimal position. For example, the spectra obtained with the C2 collimator shifted right 1 mm from the optimal position (magenta) is almost identical with the optimal one (yellow), while the one taken with the C2 collimator shifted left with 1 mm (green) has a significantly lower intensity. As both the electron and laser beams are Gaussians beams and are aligned for head-on collision, the two shifted spectra should be identical, as is the case for the simulated ones shown in Figure 4 (left image).
By applying equal vertical displacements of C2 collimator upwards and downwards relative to the electron beam propagation axis we obtain almost symmetric answers from the LaBr 3 detector placed in beam, as shown in Figure 3 (right image). Although there are systematic yield differences for all the spectra that correspond to equal displacements downwards and upwards, these differences are much smaller compared to the ones obtained by shifting the C2 collimator horizontally. The relative intensities of the attenuated γ-ray beams are well reproduced by the Geant4 simulations displayed in Figure 4 (right image). For horizontal and vertical displacements of C1 collimator we obtain lower discrepancies between the beam intensities corresponding to displacements in opposite directions, as shown in Figures 5 and 6 .
The right-left and upwards-downwards yield assimetries indicate that there is a small misalignment on x and y axis between the LCS γ-ray beam, the C1 collimator and the C2 collimator. Because the assimetry given by vertical displacements is much lower than the one given by horizontal displacements, one may deduce that the γ beam has a narrower distribution on y axis than on the x axis. We simulated the LCS γ-ray beam spot at z = 15.47 metres from the center of the beam line, where the C1 collimator is possitioned and computed the energy distribution on x and y axis in the same transverse plane. The simulations were performed for an unpolarized laser beam (Figure 8 ) with no collimation. One can observe from the beam spot diagrams displayed Figure 8 that the uncollimated LCS γ-ray beam has a smaller vertical beam size than the horizontal beam size. Because the vertical emittance is ten times smaller than the horizontal one, the energy distribution on y axis is much narrower than on x axis. On y axis, LCS γ-rays with maximum energy are concentrated in a narrow region of approximately ± 4 mm around the axis origin while on the x axis they are distributed inside a much wider ± 20 mm range around the axis center.
These simulations are in good agreement with the experimental spectra recorded using different collimation geometries described above. By shifting the collimator position on x axis the energy spectra is not altered, only the beam intensity is decreased. But if the collimator is translated along the y axis, not only the beam intensity decreases, but the high energy part of the spetra is cut away, as the maximum energy LCS γ-rays are concentrated in the center of the LCS beam. This effect can be easily observed in Figure 3 (right image), where for increasing displacements on y axis the maximum energy of the LCS γ-ray beam is shifted to lower values. Simulations displayed in Figure 7 (right image) show the same effect, where for the same displacement of the C2 collimator on horizontal, respectively vertical axis, the γ-ray beam is equally attenuated but the high energy region of the spectra corresponding to vertical displacements is clearly altered. By shifting the C1 collimator and keeping the C2 collimator aligned with the electron beam propagation axis we do not obtain the same effect, neither by simulation (Figure 7 left image) nor experimentally ( Figure  5 ).
We can conclude that the Geant4 simulations are in very good agreement with the experimental measurements of LCS γ-ray beams for various collimation geometries. We have proved that the presence of the low-energy component is produced due to insufficient thickness of the collimator.
